Higher education has become an increasingly knowledge-based sector of the present-day economy. The state faces the issues of financing higher education and assessing the effects of investment in the sector of higher education. The aim of this article is to determine the impact of investment expenditure on higher education (including the resources from the EU funds) on Poland's economic growth as measured by the GDP growth rate. The research hypothesis of the article is that the economic growth that is caused by investment in higher education with the contribution of the EU funds results in a higher GDP growth than in the case when there is no access to such resources. The results of the research indicate that increased investment in higher education, which was the result of the availability of the EU structural funds, influenced the increase in human capital in Poland and raised its impact on the GDP growth rate.
INTRODUCTION
Higher education generates knowledge which is a unique resource that contributes to economic growth. Numerous economists emphasize the role of education in the development of human capital and its significance in economic processes [Schultz 1961 , Barro-Castro et al. 2001 . Contemporary research on economic growth and its factors also indicate that there is a correlation between the level of human capital that is generated by higher education and the rate of economic growth of a country [Gyimah-Brempong et al. 2006] .
The higher education sector functions in the economy as a source of knowledge that is necessary to manage technologically advanced production processes. In the course of training at university level, highly specialized abilities and scientific theories are transferred that can subsequently be applied to generate innovations in production processes. This process can be understood in at least two ways: either as the introduction of new products (product innovation) or the introduction of new methods of manufacturing, or -possibly -the implementation of goods that so far did not exist in the economy [Gomułka 1990 ]. However, although they are indispensable, neither students nor entities that run schools of higher education can afford such investments in development. Thus, it seems interesting to take into consideration the impact of investment in higher education through EU funds. The European Union funds for higher education typically constitute investment in financial, tangible and iwona_kowalska@sggw.pl Kowalska, I., Banduła, B. (2017) . Investment in higher education versus economic growth -a proposal for the decomposition of the MRW model for Poland. Acta Sci. Pol. Oeconomia 16 (2) 2017 , 97-108, DOI: 10.22630/ASPE.2017 intangible, as well as untouchable 1 , assets of schools of higher education. In models of economic growth, investments that are defined in this way constitute a component of an economic growth factor, which facilitates the investigation of their impact on the GDP growth. The objective of the article is to investigate the implementation of EU funds in the Polish higher education sector by determining the impact of investment expenditure (including the EU funds) on economic growth measured by the GDP growth rate. The research hypothesis is that the economic growth that is caused by investment in higher education with the contribution of the EU funds results in a higher GDP growth than in the case when there is no access to such resources.
MATERIAL AND METHODS
In order to verify the hypothesis, the article provides a proposal for a decomposition of a model of economic growth with regard to the investment expenditure on higher education with the contribution of the EU funds. The decomposition of GDP growth was conducted for the period of 1995-2013, which was determined by the availability of quantitative data that were necessary to conduct appropriate computations.
In investigations that aim at the analysis of the impact of particular factors on GDP the Solow model, or derivative models [Romer 2000 , Bukowski and Zawistkowska 2006 , Kokocińska 2006 are applied most frequently.
In the traditional approach, the Solow model has the form of a three-factor production function. These factors are: capital (K), labour force (L) and technological progress (A). The Authors propose a development of the classical Solow production function to a four-factor function, where -apart from technological progress (A), real capital (K) and labour force (L) -the impact of human capital (H) on GDP growth is taken into consideration. When analyzing the impact of higher education with the consideration of its financing structure (including the EU funds) on economic growth, a modified MRW model, which includes the human capital component, was applied. The analysis assumed the application of a production function derived from the Solow model and an attempt at decomposition was made; for further considerations, the canonical form of the production function was taken (the Cobb-Douglas function), which presents the dependence of output on capital, work force and human capital [D'Auria et al. 2010] . Thus, the production function is given by:
where: Y -GDP; K -physical capital (gross expenditure on real capital); H -human capital, perceived as expenditure on higher education in relation to the state's budget expenditure on higher education per one student and the share of university graduates in the workforce; this ratio is calculated as the value of investment expenditure in schools of higher education divided by the state's budget expenditure on schools of higher education per one student; then the result obtained is multiplied by the number of university graduates in the workforce, i.e. people who are in employment directly in the economy; L -work load (workforce, i.e. the number of people in employment in the economy); A -the model's residual component, perceived as technological progress (TFP); α, β, (1 -α -β) -flexibilities of K, L and H. Kowalska, I., Banduła, B. (2017) . Investment in higher education versus economic growth -a proposal for the decomposition of the MRW model for Poland. Acta Sci. Pol. Oeconomia 16 (2) 2017, 97-108, DOI: 10.22630/ASPE.2017.16.2.22 In such an approach, H -as a factor of economic growth -includes investment expenditure on higher education (including the EU funds), which makes it possible to present the contribution of the investment to the GDP growth. The Authors' proposal of the presentation of H is given by formula
where: N -investment expenditure of schools of higher education; W bp -state's budget expenditure on higher education; S -number of students; A -number of graduates in employment.
In order to investigate the influence of factors A, K, H, L on the value of the production function Y, the time factor (t) 2 should be taken into account. Consequently, the function is given by:
Having differentiated the production function by time, one obtains:
After dividing both sides of the equation by Y (GDP), the following form of the production function is obtained:
It can be assumed for a discrete time variable that the time derivative of every variable equals approximately its growth and consequently:
Such notation implies that it is possible to investigate the direct impact of the growth factors (including H) on variable Y.
The Authors also made an attempt to estimate on their own the production function flexibility parameters. The procedure began with the estimation of the parameter [Snowdon et al. 1994] :
where: r -average annual percentage rate assumed for the economy in the period under investigation;
K -average level of real capital; Y -GDP. For the estimation of parameter β, the following equation was taken:
where: w -average salary in the national economy in a given period; L -volume of workforce in the economy; Y -GDP.
In line with the assumption of the production function, the value of the exponential parameter H equals the difference: 1 -α -β.
In the growth model presented, higher education is accounted for in factor H and it is identified with expenditure on higher education, including the European funds as a component of public expenditure on the sector.
RESEARCH RESULTS
The research concerned the impact on economic growth of the European funds invested in higher education. The first stage of the research consisted in the analysis of the GDP in Poland in 1995-2013, which -with regard to the decomposition when applying the MRW model of economic growth -required an analysis of the nominal and real GDP flows in the period under investigation. Apart from the determination of factors K and L, the GDP growth rate decomposition requires the estimation of the human capital factor (H). It is indispensable to study the relation between the expenditure on higher education and the number of graduates and the share of employees with higher education in the total volume of workforce in the economy. A further stage of the decomposition was to estimate factor H for Poland on the basis of formula 8.
The average value of H for Poland (without the EU funds) amounted to 0.0133, while the average value of H with the EU funds was 0.0665. Figure 2 presents the development of factor H in a graphical form, which facilitates the interpretation that was conducted in two periods: for 1995-2003 the graph shows factor H before the accession of Poland to the EU and after that accession, i.e. the period when EU money was invested in higher education. The square markers on Figure 2 The verification of the impact of the investment of schools of higher education on the GDP growth required an investigation of a two-variant financial flow. Its estimation was possible with the application of the data from Table 1 . On the basis of the economic growth measurement in Poland an empirical simulation of the economic growth with and without the contribution of the EU funds in higher education investment is presented synthetically in Tables 2 and 3 where the GDP growth rates are given together with the changes in the investment in factors (A, K, L, H) . The tables also present the share of particular factors in economic growth, which facilitated the assessment of their impact on GDP in the period under investigation. Table 4 presents the results of the decomposition and their synthesis.
The division of the research period into two sub-periods was due to Poland's accession to the EU in 2004 which was a qualitative factor. It resulted in the reorientation of the Polish economy because of the total elimination of tax duties and the introduction of the free flow of capital and workforce.
The results of the research and analysis made it possible to decompose the annual GDP growth rates in Poland by such factors as capital -K, workforce (i.e. the number of people in employment) -L, human capital -H, and TFP -A. Moreover, apart from the estimation of the change in investment in particular economic growth factors, their share in GDP was also estimated. increase (or at least the maintenance) of the contribution of human capital to the economic growth on the present level. 2. The investment effectiveness of budget transfers to schools of higher education should be assessed by the employment rate among people with higher education which is understood as the ratio of people with higher education in employment to the whole population with higher education. This is important, as such a relation gives the answer to the question about the contribution of graduates to the production of goods and services, i.e. to GDP growth. 3. In the view of the coming limitation of the EU funding as a significant source of investment in schools of higher education it is important to ensure a constant relation of budget transfers for higher education to GDP at the minimum level of 1%; that will facilitate the maintenance of the investment level and will influence the level of human capital as a significant economic growth factor, especially considering a further transformation of the Polish and European economies. This process, i.a. constant GDP growth is to be maintained, requires the supply of a highly qualified workforce. Poland's experience, particularly in 2004-2013, indicates that both the structure of professional activity of people with higher education and their share in the total level of employment met the requirements of the economy and supported the increase of the significance of human capital in the economic growth (the average H for the period is 13.74%).
INWESTYCJE W SZKOLNICTWO WYŻSZE A WZROST GOSPODARCZY -PROPOZYCJA DEKOMPOZYCJI MODELU MRW DLA POLSKI STRESZCZENIE
Szkolnictwo wyższe stało się jednym z sektorów współczesnej gospodarki, która w coraz większym stopniu jest oparta na wiedzy. Jednym z dylematów państwa staje się finansowanie szkolnictwa wyższego oraz próba oceny skutków inwestycji czynionych w sektorze szkolnictwa wyższego. Celem artykułu jest określenie wpływu nakładów inwestycyjnych w szkolnictwie wyższym (w tym pochodzących z funduszy unijnych) na wzrost gospodarczy Polski mierzony tempem PKB. Hipoteza badawcza pracy zakłada, że wzrost gospodarczy wskutek poniesienia nakładów inwestycyjnych przez szkolnictwo wyższe, z udziałem funduszy unijnych, powoduje większy wzrost PKB niż w sytuacji braku dostępu do tych funduszy.
